Heat and drought stresses are presently the principal risk on world's food quantity, limiting yield. Both of these two stresses affect plants metabolism, physiological and morphological processes, which ultimately reduces the productivity. The plant cell develops different stress induced self-defence mechanisms to reduce the effect of stresses. These defence mechanisms are developed by modifying gene expression pattern, which results in qualitative and quantitative deviations in proteins synthesis, leading to the modulation of certain metabolic and defensive pathways. New metabolic profiling technologies offer a great opportunity for biologist to understand defence mechanism of plants under stress conditions. Metabolomics technologies presently enabled the using of different multi-variate analyses, generated from various hyphenated and chromatographic discovery systems, such as gas or liquid chromatography together with mass spectrometry, or nuclear magnetic resonance (NMR) based methods. Investigation and mining of metabolomics data can be done through a blend of different statistical methods, such as independent component analysis and analysis of variance. Metabolomics in combination with gene expression, protein interaction and other different regulatory pathways can be useful to diverse organisms with trivial alterations. In recent time, this technology has been used to investigate drought tolerance in plant crops to find particular stress related patterns in metabolic expression. These studies identified the vital roles of primary and secondary metabolites associated with abiotic stress tolerance.
Introduction

Plant metabolomics
A metabolome is a complete set of metabolites accumulated by organism in its lifespan. The metabolites have vital roles in biochemical processes of organisms (Fiehn, 2002; Patti et al., 2012) . Metabolomics is one of the most rapidly growing technologies in biological investigation of stress tolerance mechanisms. This technology is widely utilised in plant research and comprises of metabolic fingerprinting, profiling and targeted analysis (Fiehn, 2002; Shulaev, 2006) . Genome wide association study based on metabolites has appeared as an advancing genetic approach to divide the biochemical and genetics bases of metabolism in crop plants (Luo, 2015) .
The metabolomics study describes the complete metabolite accumulation in the cellular location at a precise stage of growth in the cell (Hollywood et al., 2006) . Metabolomics are used as a key instrument to understand the environmental responses in plants (Bundy et al., 2007) . Recently, they are being used as key instrument to study biogenic volatile compounds produced by various plant species (Lijima, 2014) . Metabolomics are more adaptable to changes as compared to transcriptomes and proteomes. There are many regulatory genes, under environmental stresses, controlling a variety of secondary metabolites in plants, which are the end products of various biochemical pathways. Those metabolites can be considered as primary or secondary, though a firm judgment cannot be made and relationships amongst the two classes are universal. Primary metabolism contains the additional vital metabolites such as those involve in central carbohydrate metabolism (Koch, 2004; Rontein, 2002) , while, secondary metabolism may be related to communications with environmental signals, comprising cell signalling and interspecies communication (Mitchell-Olds, 1998; Wink, 1988) . The biosynthetic pathways of key metabolites are well preserved amongst species that explain the growth characteristics of various species (Mitchell-Olds, 1998) .
The research has contributed to our valuable understanding about the importance and mechanism of metabolites for plant development. This is more implied to primary metabolism rather than metabolism at secondary level, due to the fact of dissimilarity in metabolic content. The maximum information about secondary metabolism is mainly obtained from advancing in genetic methods, where specific phenotypic traits may be linked to alterations in particular metabolites. Classically, such investigation based on targeted approaches where only a single metabolite that could be sensed (Rochfor, 2008; Yonekura-Sakakibara, 2008) . Metabolomics studies in rice have so far demonstrated that the various metabolites can improve seed germination (Moongngarm and Saetung, 2010) . The uniqueness of metabolites amongst wild type and mutant plants (Wakasa et al., 2006) , the metabolome profiling at several phases of improvement (Tarpley et al., 2005) , and the analysis of normal metabolite distinction amid altered rice varieties has been reported (Kusano et al., 2011) .
Synergistic effects of metabolites on stress tolerance
Drought, heat and salinity greatly diminish production in crop plants if present alone or in association. Breeding for developing stress tolerance in crop plants is the most important method to manage with growing environmental tasks in agriculture. Significant investigation has been carried out for dissecting plant responses to environmental stresses (Urano et al., 2009; Obata and Fernie, 2012) , but the interactions amongst diverse stresses and what mechanism controls inert-stress tolerance mechanism has been far less studied (Cairns et al., 2013; Suzuki et al., 2013) . Due to complexity, especially stereo-chemical orientations of atoms, the structure of metabolites is less understood than genes and proteins (Lewis and Garrod, 2002) . Genotypic and environmental interaction also affects the levels and composition of plant metabolites. Metabolomics can play a significant role in the study of stress biology in plants and animals through the identification of various compounds. These may include by-products of stress metabolism and stress signal transduction molecules that are involved in adaptation of plants to stresses. These might be confirmed through direct measurements, changes in proteome and transcriptome expressions and confirmed by mutant analysis (Ideker et al., 2011) . When plant sensed a change in environmental condition, the signal transduction pathways initiates and activates different proteins compounds that reinstate homeostasis (Mittler et al., 2004) . Whole metabolomics analysis for each and every plant is costly, but through metabolic profiling a subclass of metabolites can be analysed at any time or growth stage of the plant (Arbona et al., 2013) .
Plants show different responses when they sense abiotic stimuli, which are related to a particular stress tolerance mechanism. Modification in primary metabolism is considered the most apparent in all metabolic responses and include alterations in the levels of sugars/sugar alcohols, amino acids and tricarboxylic acid cycle intermediates, displaying common tendencies in environmental stress responses. However, variations in the secondary metabolism are very specific to a specific stress and specific to species as well. For example, polyamines and sugars might be responsible for adaptation to extreme cold temperatures in Thellungiella accessions (Colinet et al., 2012) .
Some of the metabolic compounds related to abiotic stress tolerance include polyols mannitol, sorbitol, dimethylsulfoniopropionate, sucrose, trehalose, fructan, proline and ectoine that assist as osmolytes and osmo-protectant to guard plants under various stresses. A range of epi-cuticular waxes defend plants from extra water loss through drought stress and provide protection against the antagonistic activities of various pathogens. Many minor molecules like, ascorbic acid, carotenoids, tocopherols and anthocyanins etc. guard plants from oxidative damage related to a diversity of stresses and protect them by hunting active oxygen intermediates, produced during different stress conditions. The production of phytoalexins and initiation of phenyl-propanoid pathway and lignin biosynthesis are associated with plant stress defence mechanism. Plant biosynthetic molecules like salicylic acid, methyl salicylate, jasmonic acid and methyl jasmonate are formed under stress. They also act as signalling molecules triggering systemic defence in crop plants (Shulaev, 2006) .
In recent years, metabolomics have been practiced for numerous purposes like: (1) assessment of the effect of stress in plants, (2) pursuing the contribution of a specific compound within a specific biosynthetic or secondary deprivation pathway, and (3) organisation of various plant samples (Saito, 2010) . A targeted or a non-targeted method can be applied, depending on the specific objective. The technique used for analysis might affect the assembly of compounds in a metabolomics platform. Most of the presently used metabolomics platform is based on a targeted approach. As a whole, the real metabolic organization of a given plant species is the outcome of a specific gene expression profile. Precursors and intermediate molecules are activated to produce bioactive molecules, when a certain metabolic pathway is activated. Plant hormones are basically involved in controlling the production of these precursors and intermediate compounds that can trigger or deactivate diverse metabolic steps (Zhao and Verpoorte, 2005) .
The stability, defence and signalling of metabolites can be used to measure plant tolerance to different abiotic stress conditions (Kim et al., 2007; Kerchev et al., 2012) . It has been found that sugars or sugar alcohols and amino acids are the utmost vital primary metabolites that accumulate in plant parts, when exposed to stresses (Krasensky et al., 2012; Valerio, 2011) . However, due to the alterations in concentration, fluctuation in secondary metabolite levels is characteristically, due to intricate regulatory process (Arbona et al., 2013) .
Metabolomics profiling in crop plants
Metabolite based profiling study in maize showed that primary damages of salt stress are associated with the osmotic component. In calculation, outcomes were reliable when, osmotic effects were stronger in leaves than in roots (Lee et al., 2012) . Though, these findings have the restriction of not showing the underlying link between precise metabolic variations and stress tolerance. Furthermore, they do not permit the documentation of the basic molecular mechanisms (Sanchez et al., 2011) . Metabolite fingerprints to cold stress were obtained for Drosophila melanogaster individuals (Korn et al., 2010) and showed that the strategies to cold adaptation might be the same within all members of the kingdom. Janská et al. (2011) confirmed all the significant metabolic variations, stirring in cold acclimatization, reenforcing the impression that the combination of cryoprotectant molecules is of great valve (Guy et al., 2008) . Amongst these cryo-protectans, sugars, sugar alcohols and proline were exposed to be of higher significance. Therefore, the accretion of these molecules in modified individuals could contribute to a higher cold stress tolerance (Witt et al., 2012) . In the same way, accumulation of sugar molecules (maltose, sucrose, sugar alcohols, and trehalose) helps in plant acclimation to high temperature stress. Non-targeted metabolomics approaches have shown consequences on CoA pathways that might not be otherwise found (Widodo Patterson et al., 2009) . Charlton et al. (2008) revealed augmented levels of leucine, isoleucine, proline, valine, homoserine and threonine as well as myo-inositol, malate and GABA in pea leaves in simulated field conditions using NMR analysis. However, they noted no significant increase in leucine and isoleucine. Alvarez et al. (2008) , noted enhanced ranks of proline, malate, pcoumarate, and caffeate by means of an LC-MS method for maize xylem sap; though, ferulate reduced under adverse environmental conditions. Sanchez et al. (2011) examined metabolic responses in Lotus japonicus species and recognised associations among the level of stress and the extent of alterations in the metabolite profiles. Maximum variations were pragmatic in sugars and polyols. They also defined a study investigating the alterations in the metabolite profiles of Lotus species, which shown that metabolite variations are preserved within species but water-deficit may also affect many species-specific pathways (Sanchez et al., 2011) . Together in both studies, about 90% of all identified significant variations were increased. Witt et al. (2012) found a reduction in quinic acid and pyruvic acid and increase level of histidine, putrescine, proline and phenylalanine in the leaves of maize crop in response to drought treatment.
Environmental stresses encountered by plants
Stress is any modification in growth state that disturbs metabolomics homeostasis and needs regulation of metabolic pathways in a course that is usually mentioned as acclimation. Heat and drought stress are presently the principal risk on world's food supply, limiting crop yield (Oritz, 2008) . The degree and harshness of stress affected agricultural property is expected to deteriorate as a result of scarce irrigation resources, deteriorating water tables and global warming. Abiotic stress is therefore, the key risk towards the living world most exactly for the plant kingdom (Tardieu and Tuberosa, 2010) . Plants have adopted numerous biochemical, physiological and metabolic strategies in order to combat such abiotic stresses. More frequently, it is difficult to guess the complex signalling pathway that are activated or deactivated in reply to different abiotic stresses (Chawla et al., 2011) . Most of the plant system biology methods depend on four main axes are genomics, proteomics, transcriptomics and metabolomics, which provide us with detailed information about the topology and dynamic function of a molecular system (Yuan et al., 2008; Chawla et al., 2011) .
Drought stress tolerance and plant metabolism
A chief restraint to yield and quality in numerous crop species is the accessibility of water during growth season (Perry et al., 2005; Morison et al., 2008) . Drought tolerance is vital to alleviate and surge food production since domestication has restricted the genetic range of crops such as wild wheat, leading to cultivated species, modified to artificial environments and lost lenience to stress episodes (Kaur et al., 2002 ). World's temperature is growing at a rate of 0.18°C every decade (Hansen et al., 1988) . Future climate changes will also be affected by greater variability in temperature and augmented frequency of hot days (Pittock, 2003) . Drought, being also a very significant environmental stress, strictly harms plant development and expansion, restrictions of plant production and performance of crop plants (Shao et al., 2009) . One of the most vital physiological parameters being affected by drought is photosynthesis. In this sense, both water and salt stresses are pretty alike producing a liberal and severe drop in the CO 2 assimilation capacity. As significance of severe climatic changes crosswise the globe, risk of the existence of more recurrent drought spells is expected. Still, in view of several climatic variations, scientists recommended that in several areas of world, crop losses due to growing water scarcity will additionally worsen. In order to adapt new crop varieties, we need to understand plant responses to various stimuli (Halford and Hey, 2009) .
Plants familiarise and adapt to those changes that occur over a large time scale at their ecological places. These adaptations occur through evolutionary process that acts at the genetic level in populations and among species over several groups. Plant drought adaptive strategies include escape, avoidance and tolerance (Nilson and Orcutt, 1996) . Among them, escape signifies a process developing a high degree of elasticity in the plant life cycle that enables them to 'sidestep' periods of water scarcity, for example, quick flowering and seed-set in spring earlier summer drought. Avoidance characters promote to exploit water uptake and reduce water loss, for example, through augmented root density and decreased leaf water conductance. Lastly, tolerance denotes to the ability of plants to reserve cellular metabolic activity when tissue water potential drops, frequently over osmotic adjustment and differences in the pliability of cell walls (Collins et al., 2008; Richardson, 1993) .
ABA is one of the utmost significant metabolites formed in reaction to water stress in crop plants (Bartels and Sunkar, 2005) . In recent decade, a key ABA biosynthesis gene has been recognised as ABA 80-hydroxylases that regulates ABA levels during seed imbibition and stress conditions Kushiro et al., 2004) . It is probable that regulation of ABA levels may help plant to survive under situations of drought stresses. Certainly, an insertional mutant of CYP707A3, which was articulated most abundantly among 4-CYP707A members in stress conditions, showed high drought tolerance with a connected decrease in the rate of transpiration. Development in the omics technology has permitted a general method to acquire tolerance to drought, built on the amount of the expression of large number of genes and their products. Profiling of mRNA has been used to examine the fluctuations in gene expression in answer to water deficit (Ozturk et al., 2000) . Soluble sugars, that are produce during harsh environmental conditions, can act as motioning molecules in stress (Chaves et al., 2009 ) and work in association with phytohormones as part of the sugar detecting and indicating complex system in plants (Rolland et al., 2006) . The starch content declines in response to drought stress, while soluble sugars tend to rise (Chaves, 1991) . However, under severe dehydration stress soluble sugar may also tend to decrease (Pinheiro et al., 2001 ). This change in sugar content also bring changes in the expression of genes and proteomic patterns, particularly in photosynthetic metabolism (Geigenberger and Stitt, 2004) .
It is fact that no large scale, drought specific study has been carried out regarding metabolomics. However, several studies have explored the role of sugar and enzymes during drought stress (Boyer and Westgate, 2004) . Water deficit condition is a major treat to produce grain, especially in maize crop, where a lack in assimilate source has been specified as the causal agent of infertility and reduced grain filling. Recently, the invertase activity has been studied and suggested a restrictive factor for grain filling in maize under stress condition. In maize, the QTL designed for invertase activity show mapping near Ivr2, an invertase-encoding gene. Additionally, co-location between the sucrose-P synthase and ADP-glucose pyrophosphorylase has been reported in young maize plants exposed to drought (Pelleschi et al., 2006) . These studies have disclosed that how metabolites and proteins can play key roles in stress tolerance and in the formation of stress tolerant crops. Furthermore, these studies provide new basis for the discovery of unique methods that would help in drought tolerance of plants (Oksan and Saito, 2005) .
The ability to survive against partial water availability needs a complex blend of different genetic-, physiological-, and genome-based defence plans to keep functional veracity of cells and the entire organism. Disruption of water stability induces metabolic changes and accumulation of metabolites such as proline, ascorbic acid, glutathione and detoxifying enzymes. Yet, a more detailed metabolic profile in droughtstressed plants with above and below-ground organs is not available (Davies, 2006) .
Salt stress tolerance and plant metabolism
The second largest abiotic stresses that disturb germination, crop growth and productivity is soil salinity. When soil pH exceeds 8.5 or electrical conductivity values goes above 4 dS/m, the crop yield goes down (Hussain et al., 2010) . Addition of salts to water takes down its osmotic potential, ensuing reduced water availability to root cells. Plants are therefore, exposed to secondary osmotic stress that adversely affect overall physiological activities including growth and development, decrease in photosynthesis, respiration, and protein synthesis and disturbs nucleic acid metabolism. Saline soils expose plants to 2-types of stresses: osmotic stress created by low water potential and accessibility and ionic stress allied to the accumulation of toxic ions (Munns, 2002) . Plants cope these harsh environments by salt exclusion and sequestration, tissue tolerance to collected ions and restriction of K + loss, osmotic adjustment and control of water homeostasis, modifications in growth and enlargement and biochemical responses Munns and Tester, 2008; Sanchez et al., 2008) . Salt tolerance is a quantitative trait determined by multiple genetic interfaces involving changes in the activity of thousands of genes (Monforte et al., 1997; Foolad, 2004; Sanchez et al., 2010) . Unfortunately, existing metabolomics methods can only measure a specific portion of metabolomics component (Bino et al., 2004) , due to which, it is difficult to identify the concentrations of the accumulated micro-molecules for the osmotic adjustment under salinity stress (Delauney et al., 2002; Foyer and Noctor, 2005; Kishore et al., 2005) . In addition, NaCl stress also provokes a reduction in several organic acids which may recompense for an ionic imbalance (Badri et al., 2008) . The changes in metabolomics accumulation or in reduction due to slat stress, may vary from species to species which depends on their genetic makeup. These, variation among various species, recommend a mechanisms that would be species specific, in order to improve tolerance in plants to a number of environmental stresses Szabados and Savouré, 2010) .
It has been proposed that modification in metabolomics content to salt stress in some plants, is due to their preadoptability to salinity stress (Sanchez et al., 2008) . This hypothesis suggests that extremophile plants had increased level of salt stress-induced metabolites, while a decrease level for those metabolites affected negatively by salt stress. Sanchez et al. (2011) found slight indication of preformed metabolic salt acclimation responses in L. creticus. Both of the supervised and non-supervised analyses of metabolite profiles confirmed that salt-elicited changes in metabolism were universally similar in L. creticus and the two glycophytes. Supervised analysis of the metabolite data has shown that the overall pattern of metabolite pools under control conditions did not replicate relative salt tolerance.
Metabolomics limitations of photosynthesis due to amplified Na + and Cl − occur in the leaf tissue (270 mM) under salt stress (Chaves et al., 2009 ). It has previously been found, that quick changes in gene expression following experimental stress imposition, proposes very quick changes in metabolism. Plant system responses to salt stress are finetuned to the increasing stress by linear, plateau-and threshold-like dose-dependent molecular and metabolic changes (Sanchez et al., 2008) . Similar responses were also detected during acclimation to both cold and drought in Arabidopsis thaliana (Wilin et al., 2007; Usadel et al., 2008; Tähtiharju, and Palva, 2001) .
Genes imparting to salinity tolerance in crop plants have been widely characterized, especially, those are involved in transcription, transduction, transportation of ion and metabolic (Verma et al., 2007; Singh et al., 2007; Kumari et al., 2009) . Few studies have revealed the metabolic influence of salinity on crop plants such as grape vine, rice, tomato, and Arabidopsis (Gong et al., 2005) . Metabolic changes may be specific or mutual to all abiotic stress tolerance. For example, levels of sugar alcohols, sugars, and amino acids usually amplify with response to diverse stresses. Proline is mostly accumulated on drought, salinity and cold stress but declines during heat stress (Usadel et al., 2008; Urano et al., 2009; Lugan et al., 2010) . In most of the studies, amount of TCA-cycle intermediates and organic acids become deteriorated in glycophytes after salinity stress (Gong et al., 2005) , but improved upon drought or temperature stress (Kaplan et al., 2004; Usadel et al., 2008; Urano et al., 2009 ). Usually, sugars are essential compatible solutes collected in cells during stress responses. Fumagalli et al. (2009) studied the metabolite profile of two different cultivars of rice under salinity (150 mM) and showed enhanced sugar contents during salinity stress in both of the cultivars. Their results also exhibited that salt stress reformed the accumulation of various metabolites in rice, which have vital role in salt tolerance. They also recommended that NMR coupled with principal component analysis (PCA) is impressive tool to characterize rice varieties under salinity or any other stress condition.
Increased salinity modulates the levels of secondary metabolites, which are physiologically significant mainly in stress tolerance. Some of these metabolites have light absorptive properties, whereas others encourage defensive action against herbivores and pathogens (Harborne and Williams, 2000; Taiz and Zeiger, 2002) . Most secondary metabolites are synthesized from the intermediates of primary carbon metabolism via phenyl-propanoid, shikimate, mevalonate or MEP pathways (Buchanan et al., 2000) . Amongst those, chlorophylls, carotenoids and phenolics are generally studied metabolites in plant kingdom. Improved synthesis of determined secondary metabolites under stressful conditions is supposed to guard the cellular structures from oxidative damage (Buchanan et al., 2000) .
Stress-induced variations in primary metabolism lead to diverse levels and classes of secondary metabolites including photosynthetic pigments, flavonoids, phenolics, alkaloids, etc. (Close and McArthor, 2002; Gould et al., 2000; Taiz and Zeiger, 2002) . Inflections in the levels of CAR, PHE and flavonoids are of more importance in the inhibition of stress induced oxidative damage or preservation of osmotic balance (Chalker-Scott, 1999; Gould et al., 2000; Sgherri et al., 2004) . Negligible decrease in the content of photosynthetic pigments is vital, as it has a direct connection with salinity tolerance (Ahmad et al., 2005) . The role of phenolics has been recently reviewed more applicable in oxidative stress tolerance than defence from herbivoures (Close and McArthor, 2002; Sgherri et al., 2004) . They showed accumulation under water and salt stresses as well (Dixon and Paiva, 1995; Ali and Abbas, 2003) . Flavonoids are acknowledged to guard the sensitive tissues against the harmful effects of UV-radiation (Singh et al., 2004) , but their roles have also been envisioned in salinity, as they are ion chelators (Taiz and Zeiger, 2002; Winkel-Shirley, 2002 ).
Non-targeted and targeted analysis for the detection of secondary metabolites
Non-targeted, analytical methods at the gene, transcript, protein and metabolite levels are the methods-of-choice for examining the physiology of the GM plants as widely as possible; thus, enhancing the chances of sensing unintended effects. The application of metabolomics methodology has been revealed to be valuable for the examination of compositional resemblance in GM potatoes. These results are mainly stimulating since they also give deep insights into the degree of distinction within conventional cultivars (Rischer and Oksman-Caldentey, 2006) . Non-targeted metabolomics approach is a time-consuming step, and thus cannot be applied to large numbers of biological samples. The variance among non-targeted metabolomics and widely targeted metabolomics is parallel to the change between a whole genome array and an expressed sequence tag-based custom array in transcriptomics (DellaPenna and Last 2008, Lu et al., 2008a; Lu et al., 2008b) . A significant problem of untargeted profiling is that it is semi-quantitative and provides relative concentration databased on the same 'surrogate' internal standard. These semi-quantitative data considered to be more authorised via targeted quantitative assays. Targeted profiling is used when it is essential to regulate the exact concentration of a restricted number of identified metabolites and delivers a very low limit of detection. Targeted analysis has been extensively carried out to trail the dynamics of a limited number of metabolites known to be elaborate in a specific stress. It can also be used for relative metabolite profiling of a huge number of identified metabolites. For example, highly similar targeted assays based on selected reaction monitoring (SRM) can be used for very sensitive immediate analysis of over 100 metabolites in a single chromatographic run (Bajad and Shulaev, 2007) .
Recent techniques used in plant metabolomics profiling
Nuclear magnetic resonance (NMR) is a commonly used method to study the assembly of chemical compounds. This NMR-based technique is non-destructive and can be beneficial to molecules in solution and solid state (Berendt et al., 2006) . However, the most frequently used is hydrogen-1 NMR, because it is extremely rich and the most amenable isotope at natural abundance. Alternatively, often-used isotope carbon-13 can be used due to its low %age in natural carbon, which is preferably suited for labelling of compounds in metabolic studies (Jackman and Sternhell, 2013) . Recently, NMR based metabolomics studies have been effectively used in plant biotechnology research (Kim et al., 2007; Palama et al., 2010) .
Mass spectrometry (MS) is another widely used technique for determination of plant metabolomics. In mass spectrometry the recognition and quantification of compounds is done in more precise way, in which the information about the nature of studied molecules can be obtained by ionizing in positive and negative ion mode (Blaum, 2006) . Numerous diverse mass analysers can be used in mass spectrometry including; time-of-flight (TOF) analyzers, quadrupole mass analyzers and ion trap analysers (Feihn et al., 2000) .
Liquid chromatography-mass spectrometry is the most advanced and recently used technique in plant metabolomics. It is the combination of different analytical techniques that leads to the separation and quantification of metabolomics in the test samples. The technique is based on a mobile and stationery phase. Since the chemical and physical connections with the solvent and stationary phase are exact for dissimilar chemical classes a huge variety of separation methods exists (Uslu and Uzkan, 2002) . Most frequently used method is reversed phase chromatography (RP-HPLC). These methods are used most commonly for the detection of secondary metabolites (Katajamaa and Orešič, 2005) .
Next generation sequencing (NGS) a powerful tool to find novel metabolites
In the recent decade, the next generation sequencing technologies (NGS) have provided opportunities to revolutionize discovery of new metabolites in plants, including biosynthesis pattern of genes, their regulation and pathways, network, etc. through genome-enabled technologies. This has been called the hallmark of 21st century biology (Kim and Buell, 2015) . The approach uses a simple hypothesis of classical forward genetics, by which the novel genes (DNA Sequencing) and their expression (RNASeq) are initially recognized through NGS technologies then the new proteins and metabolites are matched via routine metabolomics techniques and proteogenomics (or metabologenomics). Many novel metabolites affecting plant nutrients, tastes, tolerance to biotics and abiotic stresses, etc. have been found through NGS technologies. Briefly, the DNA of plants producing metabolites of interests is extracted and submitted to one of the NGS core facilities. Currently, up to 80% of DNA sequencing is carried out by Illumina® technology (read length 120-300 kb). However, some newer technologies such as PacBio® with longer sequencing reads (up to 15kb) have emerged to facilitate the DNA sequencing process with more sensitivity, specificity and reliability (less error rate). The DNA sequencing data undergoes quality checks and then is passed into the De novo assembly and gene annotation process. Many discoveries such as SNP/Indel detection, structural variation, phylogenetic analysis, transcriptome analysis, network analysis, physical cluster identification can be done using freely available web-based and Linux-based bioinformatics tools such as Galaxy platform (https://usegalaxy.org/).
There are too many examples that application of NGS has facilitated discovery of novel secondary metabolites in plants. Kellner et al. (2015) identified a monoterpene indole alkaloid vinblastine in Madagascar periwinkle (Catharanthus roseus). Myburg et al. (2014) discovered a terpene 1,8-cineole in E. grandis. Denoeud et al. (2014) reported the alkaloid caffeine in Coffea canephora. Winzer et al. (2012) explored the phthalide isoquinoline alkaloid noscapine in Poppy (Papaver somniferum) and Quadrana et al. (2014) reported vitamin E metabolites in Tomato. Therefore, the NGS technologies have been an amazing tool to revolutionize the science of metabolomics and to understand the plant metabolism.
Gene editing using CRISPR/Cas9 to design and produce novel metabolites in plants
The clustered regularly interspersed short palindromic repeats (CRISPR)/Cas9 technology has recently been developed as an efficient nuclease-based method for targeted genome engineering. In this system, only 20-nucleotide target sequences (or even one nucleotide) form the target gene with a desirable sequence of gene needs to be altered (Fig 3) . Shan et al. (2014) suggested the (CRISPR)/Cas9 as an appealing system due to its simplicity. They described a stepwise protocol for the selection of target sites, design, construction, verification and use of single guide RNA (sgRNAs) for sequence-specific mutagenesis in target genes of rice and wheat. Since its emergence in 2013, this new technology has been suggested by many researches to be cheap, safe and efficient for human cancer therapy such as lung and blood cancer (Sachdeva et al., 2015; Sánchez-Rivera and Jacks, 2015) . Therefore, this system can be considered extremely safe in crop gene editing for better tolerance to biotic and abiotic stresses, nutritional quality (Kharabian-Masouleh and Henry, 2015) and creating new metabolites.
Genome wide association studies (GWAS) acts as a bridge between NGS and phenotypic data to recognize metabolite targets for CRISPR/Cas9 editing
Through the NGS methods millions of SNPs can be discovered in a genome, in which many of them belong to secondary metabolites. Availability of phenotypic data and SNP mapping in a genome enable us to discover association at a genome wide scale. Cheng et al. (2014) sequenced 529 rice accessions and generated 6.4 million SNPs, responsible for 840 metabolites, which finally let to identify 36 candidate metabolite modulating genes with potential physiological and nutritional importance. Glucosinolates are amino acids (derived from secondary metabolites) with significant roles in plant defense against insects and pathogens. Cheng et al. (2010) found more than 200,000 SNPs in 96 Arabidopsis accessions to assess the natural diversity of 43 glucosinolate phenotypes. In total, they found 172 genes, containing SNPs associated with variation in glucosinolate profiles. Out of all 172, 3 genes [Alkenyl Hydroxalkyl Producing2 (AOP2) and AOP3 and Methylthioalkylmalate Synthase1 (MAM1)] controlled glucosinolate-related QTL. After recognition of genes containing SNPs with direct effects on metabolites, they can be edited with CRISPR/Cas9 technology to produce novel metabolic compounds, with more or even less abundances.
Conclusion
In response to abiotic stress, plants arrange a collection of responses including stress avoidance, resistance or defence, dependent on stress type. These defence and resistance mechanisms are related with metabolomics modifications. Metabolomics could pay expressively to the study the stress biology in plants and other organisms by recognising dissimilar compounds, such as by-products of stress metabolism, stress signal transduction molecules or molecules that are part of the acclimation response of plants. Secondary metabolites show important physiological role in salinity tolerance, particularly beside oxidative damage. Such roles of these metabolites are restricted to the compartment, where they accumulate. To further understand the intricacy of plant response to drought and salt, with the effects on photosynthesis, we have to strengthen multi-level genomics and physiological studies, casing diverse intensity and timing of burden of the stresses in genotypes with diverse sensitivity to stress. It is previously deceptive that an important number of genes linked to photosynthetic metabolism is quickly down or upregulated in response to drought and salt stress.
